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INTRODUCTION: 

Doxorubicin  (Adriamycin)  and  Trastuzum  ab  (Herceptin)  as  well  as  ionizing  radiation  are  all  utilized  for  the 
treatment  of  breast  cancer.  Doxorubicin  therapy  is  constrained  by  the  developm  ent  of  cumulative  dose-limiting 
cardiomyopathy;  taxanes  have  been  shown  to  exacerba  te  the  cardiotoxicity  of  doxorubicin  while  Herceptin 
therapy  is  also  associated  with  cardiotoxicity  ,  alone  and  in  combination  with  either  doxorubicin  or  the  taxanes 
(1).  Radiation  administered  during  treatment  of  breast  cancer  results  in  cardiac  damage  that  is  often  delayed  for 
years.  Vitamin  D 3  receptors  have  been  identified  in  the  hum  an  heart  (2)  and  Vitam  in  D 3  has  been  shown  to 
contribute  to  improved  heart  function  (3).  We  had  proposed  that  Vitamin  D3  and/or  less  calcemic  analogs  could 
be  effective  in  protection  of  the  heart  against  the  toxicity  of  chemotherapy  and  radiotherapy. 

BODY: 

It  should  be  noted  that  we  have  been  unable  to  obtain  the  vitamin  D  analog,  EB  1089,  that  was  used  in  much  of 
our  previous  work  due  to  the  fact  that  the  license  was  purchased  from  Leo  Pharmaceuticals  in  Denmark  by 
Cougar  Inc  in  California,  while  Cougar  was  subsequently  acquired  by  Johnson  and  Johnson.  We  had  submitted 
a  materials  transfer  agreement  almost  two  years  ago;  however,  the  company  has  not  acted  on  it.  Consequently, 
our  research  efforts  were  focused  solely  on  1,25  dihydroxy  vitamin  D3,  the  natural  active  form  of  the  hormone. 

In  the  studies  presented  in  Figure  1,  we  evaluated  the  effects  of  vitamin  D  on  the  sensitivity  to  radiation  in  HL-1 
cardiac  myoctes  at  radiation  doses  of  5  Gy  and  10  Gy.  It  is  evident  that  Vitamin  D  alone  provided  no  protection 
in  this  experimental  model  system.  In  view  of  data  in  the  literature  indicating  that  the  phosphodiesterase 
inhibitor  sildenafil  (Viagra)  had  cardioprotective  actions  (4),  we  investigated  the  impact  of  sildenafil  alone  and 
in  combination  with  Vitamin  D.  However,  this  combination  also  proved  to  be  ineffective  in  conferring 
protection. 

In  the  studies  presented  in  Figure  2,  similar  experiments  were  performed  utilizing  HL-1  cardiomyocytes 
exposed  to  various  concentrations  of  adriamycin  (doxorubicin)  in  the  presence  and  absence  of  vitamin 
D/sildenafil.  As  in  the  studies  presented  in  Figure  1,  we  were  unable  to  demonstrate  any  degree  of  protection. 

Similar  studies  to  those  shown  in  Figure  2  were  performed  utilizing  another  cardiomyocyte  cell  line,  H9c2  cells, 
that  have  been  used  for  many  years  as  a  model  of  doxorubicin  induced  cardiotoxicity  (5).  Again,  as  shown  in 
Figure  3,  we  were  unable  to  demonstrate  protection  by  either  vitamin  D  or  sildenafil  alone  or  by  the 
combination  treatment. 

As  in  the  studies  presented  in  Figure  1,  neither  1,25-D3  nor  sildenafil,  either  alone  or  in  combination,  was 
shown  to  protect  H9c2  cardiomyoytes  from  radiation  (  Figure  4). 

We  also  examined  the  impact  of  1,25-D3,  sildenafil  and  the  combination  of  1,25-D3  and  sildenafil  on 
sensitivity  to  paclitaxel  in  both  H9c2  and  HL-1  cardiomyocytes.  As  shown  in  Figures  5  and  6,  again,  neither 
approach  was  successful  in  interfering  with  the  damaging  effects  of  paclitaxel  in  these  experimental  cell 
models. 

Given  these  observations,  we  became  interested  in  the  possibility  that  autophagy  might  have  some  involvement 
in  the  response  to  radiation  in  the  cardiomyocytes,  particularly  as  autophagy  has  been  demonstrated  in 
cardiomyocytes  by  Adriamycin  (6).  Figure  7  shows  the  conversion  of  LC3  (  microtubule  light  chain  protein) 
from  form  I  to  form  II  in  H9c2  cardiomyocytes  by  the  higher  doses  of  ionizing  radiation,  an  indication  of 
autophagy.  These  findings  are  confirmed  by  the  data  presented  in  Figure  8. 
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These  findings  have  led  to  subsequent  work  in  cardiomyocytes  as  well  as  animal  models  where  we  have 
attempted  to  develop  models  of  radiation  induced  cardiac  damage  in  efforts  to  identify  strategies  that  might  be 
effective  in  cardioprotection.  We  now  have  evidence  for  a  mouse  model  of  radiation  induced  toxicity  ( that  is 
delayed  for  between  5-6  months)  and  where  initial  studies  strongly  suggest  cardioprotection  by  sildenafil. 

KEY  RESEARCH  ACCOMPLISHMENTS: 

Demonstration  that  neither  1,25-D3  nor  silenafil,  alone  or  in  combination,  can  protect  cardiomyocytes  from 
either  cancer  chemotherapeutic  drugs  or  ionizing  radiation. 

Development  of  a  mouse  model  of  radiation  induced  cardiac  injury. 

REPORTABLE  OUTCOMES: 

None,  as  yet 

FUNDING  APPLIED  FOR  BASED  ON  WORK  SUPPORTED  BY  THIS  GRANITE 

We  have  recently  applied  for  a  DOD  Idea  award  based  on  radiation  induced  cardiac  damage. 

CONCLUSION: 

We  conclude  that  neither  vitamin  D  nor  sildenafil  are  effective  at  protecting  cardiomyocytes  from  the  toxicity 
of  either  doxorubicin,  paclitaxel  or  radiation.  Studies  have  been  initiated  in  both  cardiomyocytes  and  mice  to 
determine  whether  IL-1  might  be  an  alternative  approach  for  cardioprotection. 
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Figure  1.  Effect  of  1,  25-D3  alone  (lOOnM),  sildenafil  (  lOuM) 
alone  and  the  combination  of  1,25-D3  +  sildenafil  on  sensitivity 
to  radiation  in  FIL-1  cardiomyocytes.  Sensitivity  was  determined 
using  the  MTT  assay  and  is  presented  as  relative  absorbance. 
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Figure  2.  Effect  of  1,  25-D3  alone  (lOOnM),  sildenafil  (  lOuM)  alone  and  the 
combination  of  1,25-D3  +  sildenafil  on  sensitivity  to  adriamycin 
(doxorubicin)  in  FIL-1  cardiomyocytes.  Sensitivity  was  determined  using  the 
MTT  assay  and  is  presented  as  relative  absorbance. 
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Figure  3.  Effect  of  1,  25-D3  alone  (lOOnM),  sildenafil  (  lOuM)  alone  and  the  combination  of  1,25-D3  + 
sildenafil  on  sensitivity  to  adriamycin  (doxorubicin)  in  F19c2  cardiomyocytes.  Sensitivity  was  determined  using 
the  MTT  assay  and  is  presented  as  relative  absorbance 
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Figure  4.  Effect  of  1,  25-D3  alone  (lOOnM),  sildenafil  (  lOuM)  alone  and  the  combination 
of  1,25-D3  +  sildenafil  on  sensitivity  to  radiation  in  FI9c2  cardiomyocytes.  Sensitivity  was 
determined  using  the  MTT  assay  and  is  presented  as  relative  absorbance. 
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Figure  5.  Effect  of  1,  25-D3  alone  (lOOnM),  sildenafil  (  lOuM)  alone  and  the  combination 
of  1,25-D3  +  sildenafil  on  sensitivity  to  paclitaxel  in  FI9c2  cardiomyocytes.  Sensitivity  was 
determined  using  the  MTT  assay  and  is  presented  as  relative  absorbance. 
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Figure  6.  Effect  of  1,  25-D3  alone  (lOOnM),  sildenafil  (  lOuM)  alone  and  the 
combination  of  1,25-D3  +  sildenafil  on  sensitivity  to  paclitaxel  in  FIL1 
cardiomyocytes.  Sensitivity  was  detennined  using  the  MTT  assay  and  is 
presented  as  relative  absorbance 
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Figure  7.  Conversion  of  LC3  (  Form 
I)  to  LC3  (Form  II)  as  an  indication  of 
autophagy  in  H9c2  cardiomyocytes 
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Figure  8.  Conversion  of  LC3  (  Form  I)  to  LC3  (Form  II) 
as  an  indication  of  autophagy  in  H9c2  cardiomyocytes 
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